In Korea, ten PWR and two CANDU reactors are in operation, six PWRs and two CANDUs are under construction, and eight more nuclear power plants are scheduled to be built by 2010. Two PWRs will also be built in North Korea. Ten operating PWRs comprise of eight Westinghouse type reactors and two ABB CE type reactors. Korea Nuclear Fuel Company (KNFC) is designing and manufacturing nuclear fuel for all operating PWRs and CANDUs in Korea. Since 1985, seven different types of PWR fuel have been designed and manufactured by KNFC with a 200ton/year manufacturing facility. To meet the increasing demand, KNFC recently completed a new PWR fuel manufacturing facility with an annual production capacity of 350ton and a new CANDU fuel manufacturing facility with a 700ton/year production capacity.
I.
Korean Nuclear Power Program Since Kori-1 commenced commercial operation in 1978, Korea is currently operating twelve nuclear units, including two CANDU reactors and ten PWRs. Two CANDUs in operation have generating capacity of about 600MWe. Ten operating PWRs comprise of eight Westinghouse type reactors (two 600 MWe units and six 900 MWe units) and two ABB CE type reactors (1,000 MWe units). Six PWRs and two CANDUs are under construction, and eight more nuclear power plants are scheduled to be built by 2010, as shown in Fig. 1 . Ulchin 3 & 4 PWRs (1,000 MWe units) under construction will be the first Korean Standard Nuclear Power Plants (KSNP) designed and built with technology on hand. With this KSNP technology, two PWRs are being built in North Korea by the KEDO. The total installed nuclear capacity was 10,316 MWe as of December 1997 and about 35% of the total electricity in Korea was produced by nuclear power plants during 1997. II fuel cycle technology. KNFC has localized the nuclear fuel design and fabrication technologies for PWR and CANDU fuel, and is currently supplying nuclear fuel for all operating PWRs and CANDUs in Korea. As shwon in Fig. 2 , seven different types of PWR fuel (about 3,500 fuel assemblies) have been designed and manufactured by KNFC with a 200ton/year manufacturing facility since 1985. To meet the increasing demand, KNFC completed in 1997 a new PWR fuel manufacturing facility with an annual production capacity of 350ton, with which total production capacity of PWR fuel becomes 550ton/year, and a new CANDU fuel manufacturing facility with a 700ton/year production capacity (1) . KNFC manufactured 583 PWR fuel assemblies (257ton U) in 1997, and plans to manufacture 555 PWR fuel assemblies (242ton U) and 14,500 CANDU fuel bundles (280ton U) in 1998, as shown in Fig. 3 . To grow into a comprehensive nuclear fuel company, KNFC is improving design and manufacturing technologies, and developing a Korean next generation fuel for PWRs and an improved CANDU fuel, which will enhance reliability, operational flexibility and economics of the nuclear fuel.
III.
Korean Nuclear Fuel R&D Program
The Korean government initiated a "Long-term Nuclear R&D Program" in 1992(2). The nuclear R&D program is being carried out through concerted efforts by industry, research institutes and universities. Governmentled nuclear R&D program includes seven areas such as nuclear reactor technology, nuclear safety, nuclear fuel cycle technology, radioactive waste management, radiation and radioisotopes application, radiation protection, and basic technology. Industry-led R&D program covers four areas such as nuclear reactor technology, nuclear fuel 1. Development of DUPIC Fuel Cycle Technology Strategies for LWR spent fuel management vary form country to country; some decided to dispose of it, others decided to reprocess it, while the rest are still taking a " wait and see" position. For the direct disposal option, it is expected that securing a site and building a permanent repository will take a long time and cost a lot. The reprocessing option has to confront with economics (high costs of reprocessing and MOX fabrication) and proliferation concerns.
Spent fuel from light water reactors has enough residual reactivity to allow it to be burned in heavy water reactors with high neutron economy. Korea, with her unique strategy for reactor mix of PWR and CANDU, is developing the DUPIC fuel cycle in cooperation with Canada and the U.S.(3) With a typical fuel burnup in PWRs, the spent fuel from three PWRs will be enough to fuel one CANDU with the same generating capacity and there is essentially no need to supply natural uranium to operate the CANDU, as shown in Fig. 4 . Furthermore, the DUPIC fuel cycle bears a lot of environmental benefit. From Fig. 5 , it can be seen that with DUPIC, the geological disposal of spent PWR fuel is not necessary and the spent fuel arising could be reduced by one-third of those from the once-through cycles for the same electric power generation. Radioactive process waste volume arising from the DUPIC fuel fabrication process could also be reduced much lower than those from the conventional reprocessing and mixed oxide (MOX) fuel fabrication process. Especially, the hazard index of spent DUPIC fuel is at least a factor of two lower than that of the spent PWR fuel, as shown in Fig. 6 . The hazard index of the spent fuel was calculated with the use of ORIGEN2 computer code (4)(5), where the hazard index is defined as the volume of water (m3 water) necessary Table  1 . Table  2 summarizes unit costs for the fuel cycle cost analyses. This table shows that the DUPIC fuel fabrication cost was assumed $400/kgHM, which was derived from the conceptual design, and the PWR spent fuel disposal cost $410/kgHM. With the use of this spent fuel disposal cost, the PWR spent fuel disposal credit was calculated 3.39mills/kWh. Table 3 shows that the DUPIC fuel cycle can save about $14million/year in comparison with the once-through CANDU fuel cycle for the generating capacity of 1,000 MWe. Considering the uncertainty in the DUPIC fuel fabrication cost, its break-even cost is calculated about $632/kgHM, as given in Fig. 9 . Experimental verification of the DUPIC technology is underway: three pins were already fabricated and two pins are in preparation. The DUPIC fuel pins will be irradiated in NRU from late 1998. A few DUPIC fuel bundles will be fabricated and irradiated in a test reactor by the year around 2004.
The DUPIC fuel cycle can be adopted by any country with both PWRs and HWRs. The concept of burning LWR spent fuel in CANDUs can also be pursued by international cooperation between a country with only LWRs and another with only HWRs.
Development of a Korean Next Generation Fuel
Since 1997, Korea has been developing a Korean next generation fuel to standardize fuel rod dimensions and fuel component configurations for all PWRs in Korea, which will increase discharge fuel burnup (peak fuel rod burnup up to 70,000MWD/MTU), improve thermal margins (at least 15%), increase mechanical strength (sustain against 0.3g seismic load), and enhance load follow and frequency control capabilities. A few demonstration fuel assemblies will be fabricated by the year around 2005 and irradiated in one PWR reactor.
Development of an Improved CANDU Fuel
Since 1992, Korea has been developing an improved CANDU fuel (CANFLEX) to improve thermal hydraulic performance and have more balanced radial power distribution in the bundle, providing CANDU plant operators with greater operating flexibility through improved operating margins(6) . As described in Fig. 10 , the CANFLEX (CANDU FLEXible fuel) fuel is composed of 43 elerrients and has eight pins with a little larger pin diameter located at the center, whereas the standard CANDU fuel is composed of 37 elements with the same pin diameter . The CANFLEX fuel has been verified through extensive out-of-pile tests. The demonstration irradiation of the CANFLEX fuel will be performed in the Point Lepreau Generating Station (PLGS) in Canada.
Development of Research Reactor Fuel
Korea has a 30MW multi-purpose research reactor called HANARO. The HANARO, with the maximum available thermal neutron flux of 5x10-14nv, uses 20% U3Si. It is an open-tank-in-pool type, which has benefits of free access from pool top and sufficient inventory of ultimate heat sink. It uses H2O as a coolant and D2O as a moderator. In order to properly maintain the core cooling and to minimize radiation hazard, an upward forced convection flow combined with a bypass flow through chimney was selected as a primary cooling mechanism. HANARO is being used for nuclear fuel and reactor materials tests and radioisotopes production. A Table  1 Physics parameters of PWR and CANDU fuel R&D project for research reactor fuel is being carried out to develop an improved manufacturing process (centrifugal atomization process) for HANARO's driving fuel (U3Si in Al meat) and to develop new alloys such as U-MO-Pt, U-Mo-Ru, U-Mo-Sn and U-Zr-Nb. The new fuel will be used as HANARO driving fuel from the year around 2003.
IV. Summary
Korea is currently operating ten PWR and two CANDU reactors, constructing six PWRs and two CANDUs, and will build eight more nuclear power plants by 2010 . Two PWRs will also be built in North Korea. Korea Nuclear Fuel Company, a sole nuclear fuel company in Korea, is designing and manufacturing nuclear fuel for all operating PWRs and CANDUs in Korea. KNFC has PWR fuel manufacturing facilities with an annual production capacity of 550ton and a CANDU fuel manufacturing facility with a 700ton/year production capacity. The Korean government initiated a "Long-term Nuclear R&D Program" in 1992. Major R&D projects in the nu- 
